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This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein do not necessarily state
or reflect those of the United States Government or any agency thereof.
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ABSTRACT

A summary of QCD results obtained using the dijet invariant mass spectrum do/dM;;
is presented. The spectrum is compared with QCD Leading Order and with the
recently published Next to Leading Order calculations(!!. A limit on the scale of an
eventual quark compositness can be set at A = 1300GeV. Limits on the production
of new particles, decaying hadronically, are presented, too. Axigluons are ruled
out in the mass range [240, 640} GeV, for a theory with N=10 strong interacting
fermions, and in the two windows [260, 280] GeV and [450, 550] GeV, for N=20.

1. Data sample

Using 1988-89 CDF data, corresponding to an integrated luminosity [ £dt ~ 4.2p57 1,
we measured the differential cross section of the process p+p — jet + jet + X as a
function of the dijet invariant mass. For jet identification we use a cone algorithm[?,
with cone radii of R = /72 + ¢? = 0.7 and 1.0, that provides the momentum and the
energy of each jet assuming a massless particle for each calorimeter tower belonging
to the jet. No attempts have been made to recostruct the energy of the original
parton, subtracting the energy that the underlying event presumably deposits inside
the jet cone or adding the energy lost by radiation outside of the clustering cone.
The events used in this analysis are selected with the request that the two leading
jets be in the CDF central calorimeter (|5 < 0.7). No cuts have been applied on
additional jets.

2. Comparison with QCD

A parametric function f(M;;) = aM;’e*™i; has been folded with the calorimeter
response and fitted on data. The quantity (Data-Fit)/Fit is shown in fig.1 for the
two clustering cones. On the same plot the LO and NLO predictions, normalized
to data, for the Parton Distribution Function that better agrees with the measured
spectrum (MT S1) and for a specific 4 scale' are shown. The shape predicted with
NLO calculations agrees with the data better than the LO prediction. This is more
evident for the smaller cone, for which radiation losses are expected to be more
relevant. We have performed a test of the shape of the predicted spectrum. The
results®® are reported in tab.l.

3. Compositness limits

The existence of an internal structure of the quarks can be accounted for by the
addition to the standard QCD lagrangian of a four-fermion contact interaction

iIn LO calculations 4 = AP;, while in NLO 4 = 54—, where n+ is the dijet pseudorapidity in their

Ccos
center of mass frame. We use A =0.5and B=07.
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Figure 1: Dijet invariant mass spectrum in the region |n;| < 0.7, for a clustering cone of 0.7 (a) and
1.0 (b). The lines are QCD LO (solid) and NLO (dashed) calculations with MTS1 PDFs.

Table 1: Shape comparison of the observed spectrum with LO and NLO predictions. The numbers
indicate the Confidence Level (%) of the specific theory. (CDF preliminary)

| | LO I NLO |
[ A f1.JOS LT OS5 I TOS5T] 1. 70.51
| PDEF | cone 1.0 | cone 0.7 ]| cone 1.0 | cone 0.7 ]

HMRSB [ 47 46 | 1 1 BB b7 13.6[4.6
MT ST || o8] 58 | 2 2 691 66 16.96.5
MT B2 (|64} 64 1 4 b not available

termlt. The presence of this interaction would lead to an excess of events in the high
mass region of the M;; spectrum. We have tested this theory by adding coherently
to the QCD LO calculations a contact term. The theory so obtained has been
normalized to data in the low region of the spectrum (160 < M;; < 300GeV) and then,
looking at the high mass region (M;; > 580GeV), we have set on the compositness
scale A the limits reported in tab.2.

4, Limits on resonances

To set limits on new particle cross section we have parametrized a generic resonance
as a Breit-Wigner, having width proportional to the peak mass, incoherently su-
perimposed on QCD LO calculations. We have then normalized the theory on data
far from the resonance and looked at an eventual excess in the bump region. In
order to be indipendent from the unknown value of the top mass, we set limits on
the cross section times the BR of decaying to light quarks only. The cross section



Table 2: Compositness limit (GeV) at 956% CL. (CDF preliminary)

I

Wb ] 05 1

L 2 ]

HMRSB | 1300 | 1330
MT E1 | 1390 | 1440
MT B1 | 1360 { 1410
MT B2 | 1490 { 1540

1360
1490
1460
1580

Table 3: Lower limits (95% CL) on [Observed cross section]x BR (pb) for a general resonance having
width proportional to mass. (CDF preliminary)

200 [ 300 7 400 [ 500 [ 600 [ 700 T 800 [ 900
r=1%M HMRSB [[4908 341 80 [ 13 [ 14 [ 12 | 6 5
T =1%M 260031 79 [ 441 9 7 9 4 2
r=s%M MT B2 || 3073 | 241 | 60 7 10 | 9 5 5
T'=10%M 3628 | 214 | 48 | 13 | 13 | 11 5 7

is integrated in our acceptancy region: |n[ < 0.7 for the two leading jets. In spite of
the simplifying assumptions of this approach (no spin effect, no interference with
QCD, no convolution with PDF) the limits we set are useful as a crude check of
theorists’ favourite resonances. Results are reported in tab.3. The same method
has been applied to a specific theory, chiral QCDI®l, that predicts, among the other,
an octet of massive bosons named azigluons. Vertices including axigluons have been
summed up to LO QCD at the amplitude level; the limits that can be set on the
mass of these new particles are reported in tab.4.

Table 4: Axigluon mass range (GeV) excluded at 95% CL. (CDF preliminary)

[ Strong interacting fermions || N=10 ]

N=20

]

MT B2

240 < M4 < 730

260 < M, < 280 & 420 < M, < 580

HMRSB

220 < M4 < 640

240 < M4 < 330 & 450 < M, < 550
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